esp@cenet document view 



Page 1 of 2 



SILICON SINGLE CRYSTAL WAFER AND ITS PRODUCTION 



Patent number: 
Publication date: 
Inventor: 

Applicant: 

Classification: 
- international: 



JP2000313695 
2000-11-14 

IWASAKI TOSHIO; FUKUDA ATSUSHI; TANAKA 
MASAHIRO; OGAWA MISAO; HARADA HIROBUMI 

NIPPON STEEL CORP;; NSC ELECTRON CORP 



C30B29/06; H01L21/02 
- european: 

Application number: JP1 99901 17675 19990426 
Priority number(s): 



Report a data error h 



Abstract of JP2000313695 

PROBLEM TO BE SOLVED: To provide a 
method for producing a silicon single crystal, 
capable of reducing COP density without 
sacrificing productivity. 
SOLUTION: This method for producing a 
silicon single crystal comprises, in growing the 
silicon single crystal S by a Czochralski 
method, pulling the single crystal at a pulling 
rate in which variation &Delta (V/G) of V/G 
value in the crystal diameter direction is 
<=10% when the pulling rate of the single 
crystal is V (mm/minute) and a temperature 
gradient at a crystal side at a solid-liquid 
interface between a silicon melt and the crystal 
is G ( deg.C/mm) and an oxidation induced 
stacking fault occurring in a ring shape in a 
thermal oxidation treatment is eliminated in the 
outer periphery of wafer. A cylinder or funnel 
22 is arranged above the surface of silicon 
melt, the relation between an inner diameter D 
at the bottom of the cylinder or the funnel and 
a diameter d of a crystal which is being grown 
is D<2d and the relation between D and d and 
a distance L from the bottom of the cylinder or 
the funnel to the surface of the silicon melt is 
L>(D-d)/2. 
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tCO. 1 1 //m«±cr)COPffijK5&5 0. Olfl/cm' 
-lfi/'cm\ 0. 1 4 Mmt(±CDCOP^Jg?^)^0. 

^2 OOfi/cm^CDKH^Cffffi-r^o StoT. COP 
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[0 03 8] 

[^SS^] <JIJfSWl >^^^iSt^"C&3:03tC7r:-rCZffi 
[0039] >'Un>mi!SB^B<Oi8^a2 0«. 

C^^o ^/c. J]n^^-t'>>'^'2 a ch^l±Cf^-t'>>'>'2 b<D 
[0 04 0 ] lJn?Si^i'>>'^'2artK:ti. ^)SLrc^€>^> 
t3:S^Ui^cCC^|ga!)^S^clpIK$*5 CC<=fc o-CIpIIk • 

[0 04 1 ] ;U^:/^i<'3&3:S^*<hjHK;:53l>'l/^:^3j^3 ache 
[0 04 2] ;U*:'^'3(DffliJISa5^CC«. W3>?:?Sfg 

iBg^nrc^-So c<Djjn^fc:-^-4cD^^niiJcc». c<o 

Jjl^ fc - ^ e>Ojft3!>^}]nl8^5^ -t- V'''^ 2 a tcfig^lSt* 3 

cc^c^6nro^^o ^^ccfc. i]i]^t--^4<i:»r^i 2ji 

30 ^^1 6mOW:f6tlTC^Sc C<D3^}f^l 6«^. 
[0 04 3 ] ^5l±tf^■^'>>'^'2 bCC^i. — S:^^C7>fi-^ 

^±cf^i iccaxom^n. 4^rBi^i'>>''^'2 c<D^# 
spe a(DiiM*»aLrstiTif6n/c?i±cf y^i-s 

±^f « 8 «MS 9 cDTffifiWCc^ ^ Cc^S-r ^ iy V 

40 [0 04 4] C<3!:)g|±tf^l'>^^2 b(DiRgSP«:0^tE$ 
n/c^'XzgAP 1 3:^^6tir;Urf>;^'X;^^zSA^tl. C 
or >'l' > i3:flnl^ ^ 2 a iCijStffl L /"ci^tC 
;?^gpfflPi 4;:)>6Srai$n^J:^cc/:c-:»ri^6. C(D<fc 

a^©j:^cc. tti^t-^4CDtt]i^^Cct^>";n>(D?gig 

^C^*^w:-:>r^•^'>/^'2(^tC||^'r^S i 0:^'X-^CO:^ 

[0 04 5 ] Ii?saffi<fc0±:^4ct3:. i^-^r^y^. 
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[0 04 6] C(Dcfc^J^j:?l±Cf^a*ffll^r. t^TCD^ 
ffri^y n>miSB^(0?l±Cf^tf3^j:o/Co i^cC4b\ COP 

0 0 0t?»J^L/Co 

•^SSd : 2 0 8mm 

. hTScDrtSD : 2 6 0mm 

• hT^iffir««ffi<h(DSE^L : 5 0 mm 

• ^i^^ \±^mmv : 0.65 mm/» 

• S;^? l±Cf iiS V max (CO? l±Cfpjeg 
Ad:S:^?|±tfiie[) : 0- 7 5mm/5> 

>C0 G : 4. O^C/mm 

^*;/+AG: 8% 

•V/G=0. 1 6 3 (mm'/"C • 5}^) 

• A(V/G)=8% 

- D<2 d (D^f^^mtcLXl^^^ 

• L> (D-d) /2 CD^ff^^SI/tOrc^^o 
•V/Vmax ti. ST^r^e. 

0. 4 5mm/5>r'^-:»/Co ^/c. $ 6^C?|±tf 

•0. 1 1 MmWiCDCOPO^J^SSffiS : 0. 3 
2M/c m' 

•0. 1 4 Mmti±OC0PO^l^Ha^S : 0. 0 
0 3 2 11/ cm' 

• ya-j<^->(D^immmm. : l l 2f@/cm* 
C(Di^m^^^. fS^B^'C^VCDVyGm^^O. 15 (mm 
VC-^)«±0. 30 (mm^/'C OTCCAo 

r^d^j. A(V/G)fii:dn o%WTr'abntf. cop3&^ 

fiM ? tifcAm(Dm0rj:i^^^mm- -5 C t # ^ C 

[0 04 8] <mmm2>m3(D^\±ms^mi.>x. 

• *SSSd : 2 0 8 mm 
•a-hT^Ot^SD: 2 5 0mm 

• brmtummmt(DmmL : 8 omm 

•¥i^?l±Cfiiav : 0. 5 0mm/^ 
•®:A?l±tfiIjgVmax : 0. 5 8mm/^ 
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G : 2. 2°C/mm 
^'>^AG: 7% 

•V/G=0. 22 7 (mm'/'C-^J^) 

• A(V/G)= 7% 

• D<2 d O^ff^SS/cUri^^. 

• L> (D-d) /2 O^ff^ill/cLrc^-S. 
10 -V/Vmax ti. 8 6%r&-S. 

0/c^^?l±tfiSg^TtfrC^o/cJt^CCV,= 0. 3 
[0 04 9] C(D^fi^X^\±(.fhtlfc^FB(D&m^m^ 

' ';>^^^^«. m^m9\'mmcmmux{.^^o 

•0. 1 1 AimtUi©COP(D¥^®affig : 0. 3 
20 2ia/cm' 

•0. 1 4 /imtt±<DC0PO^l^Sa^a : 0. 0 
0 6 3fi/cm' 

• ya-^^^-XDW-imm^^ : 8 311/cm^ 
C<ommf)^^. D<2d. L>(D-d)/2-C 

[0050] <mmm 3 >:^mmx^m 4 {c^-r c z 

SCCj:-6>'»;:3>^ISH^(DiJ{ji$ia2 0^ffll>/c. 
[0 05 1 ] S4©^g:?^^03CD^a<bMAj:^®§ft^. 

or^t^^n/cia^^c^^ifflM^jt^WLrc^^o ^ 

Xl^^^m^hh^o :$:^«?llCC*JC^r». ia«SCD:^7 

[0 05 2] C©j:^^cgi±Cf^S*fflC>r. «TO^ 

•*£^d : 2 0 8mm 
40 • HfgTFiScDI^SD : 2 4 0mm 

• n- hT^ihM^affiiOKgtL : 6 5 mm 
^^m\±immV: 0. 5 5mm/^ 
•:gA?l±&fjiaVmax : 0. 6 5mm/^ 

'CO G : 3. 2"C/mm 

^'>+AG : 6% 

• V/G= 0. 1 7 2 (mm'/'C • i3^) 
50 •A(V/G)=6% 
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• D<2 d (D^f^^mtcUri.^^. 

• L> (D-d) /2 cD^fr^J^/cL/ri^^. 
•V/Vmax 85%r^^. 

[0 0 5 3 ] CCD^ffr?|±Cf 6n/cteS(DaH*ps 

•0, 1 1 MintU:<DCOP<D¥i^ffiSffiS : 0. 4 
5(i/c m' 

•0. 1 4fim«±CDCOP<D^i^SiaffiS: 0. 0 
0 3 5<i/cm' 

. yu-^^^-XDW-i^MW^^ : 6 5fS/cm' 
CCD^^^^h. D<2d. :/)^r> L> (D-d) /2r' 

[0 054] <mmm4>m3(D^\±skm^mi^>x. « 

•ig^Sd : 2 0 8 mm 

. hT^cDp^SD : 2 5 0mm 

• n-hTJSiffii^^BffiOffiSIL : 1 0 0mm 

• W-mi^^^m&V : 0.35 mmX^ 
•S::^?l±tf2gVmax : 0. Almm/^ 

>l:^) G : 1 . 5°C/mm 

^y=^AG: 3% 

•V/G= 0. 2 3 3 (mm*/'C-:S^) 

• A(V/G)= 3% 

•D<2d <D^€:p/cOrt^^. 

• L> (D-d) /2 CD^ff^/S/cUri^^. 
•V/Vmax 8 5%r^^, 

U/c^^?l±tfjIg^TCfTC^o/ci^^tCV„=0. 2 
5mm/^'e^>o/Co ^fc. $ 6^c?|±0f ilg^rW /c 

[0 05 5] C(D^fr-C^I±Cf 6n/c^B^(DD°aH^Da« 

•0. 1 1 Aim«±CDCOP(D¥i^ffi«mS : 0. 1 
0<i/cm* 

•0. 1 4 /imJy±<DCOP(D^i^ffla^a : Ofi/ 
cm^ 
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S^*:^? I ±cf 3ie[<D 6 0 %«± i-r^cicci-Dr. 
COP n/ca°pHcDm»3^j:MS«rSl3ST^ C <t 

[0 05 6 ] <mmmb>m3<o^\ALmm.^m\^^x. jw 

• *S^d : 3 10 mm 

10 -n— hTffi<DrtSD: 4 0 0mm 

• a--hT^<!:IS«affliOfSillL : 1 0 0mm 

• W■^^\ALVfmmy : 0.55 mm/^ 
•SA?l±Cfi$ttVmax : 0. 6 8mm/^ 

.CO G : 2. 3''C/mm 

^.y+AG: 5% 

•V/G=0. 2 3 9 (mm^/*C-:S^) 
20 •A(V/G)=5% 

• D < 2 d (O^^^mtc Ci-S. 

• L> (D-d) /2 CD^ff^fS/cLTO>-S. 
•V/Vmax 8 1%^^^. 

L/c^^?l_bcf^g^Ttfrc^-^/c^^ccv„= 0. 4 

•0. 1 1 Mmtl±<DCOP<Z)¥J^®fSma : 0. 1 
3{i/cm' 

•0. 1 4/im«±<Z)COP(^)¥i^ffiSSe[: 0. 0 
0 3 M/ c m' 

. vu-J^^-XO^i^m^^^ : 6 1 fi/cm' 
40 g^^A?l±Cfiig(D6 0%t;l±it-^CiCCJ:or. 

[0 05 7 ] <mmm^>m3(on\±Mm.^m^^x. w 

•ig^Sd : 2 0 8mm 

• D-hTSOF^SD: 4 2 0mm 

• XJL-^ \'T^tmmMmt<0^mi. : S Omm 

• ¥i^^!±tfiiJgV : 0.25 mm/^ 
•^:Ac?|±CfiiaVmax : 0. 4 1 mm/53^ 

50 ' @^wffi-c(DtSB^i4:^f^(D*SB^ffl'JcDajg^ie (Sh^cji 
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/CO G : 1 . 6*C/mm 

'V/G=0. 1 5 6 (mm'/-C • 5)^) 

• A(V/G)= 8% 

• D<2ci (D^ft^vS/cOri^^cCv 

• L> (D-d) /2 (D^^iffi/cUrC^^CC^ 
•V/Vmax ti. 61%^^-^. 

^C*5. C<D^[Hm^. T&^o^liCf^-CCZ^VotiO. 2 10 

[0058] C<3D^fl^-cgi±Cf e>tl/cieB^C!>p°p®^PS 

•0. 1 1 amtl±CDCOP<D^^ffiS^a : 0. 8 
8<@ycm' 

•0. 1 4 /[/mtiiCDCOPOD^i^ffifi^g : 0. 0 

0 8 6<l/cm' 20 

• "17 0— ^N'^-XD^i^ffiSffiffi : 1 7 4f@/cni' 
CCD,ISS?J^^^. ^SB^ttJ.[:^r(Z>V/Gfii:;;^^0. 15 (mm 
'/•C-^)«±0. 3 0 (mm^/X -^JfJ) t^TCCA-^ 

rfco. Acv/G)fii*n o%tiTr'*titf. coP;&^ 

[0 05 9] <tb«![fi?!ll>03(Dg|±^S^ffll^r. 
•iSSMd : 2 0 8mm 

.p-hTffiOF^SD: 2 5 5mm 30 

• n->hTSi^/gaE<hCDffiBtL : 2 2 mm 
•¥l^?l±^fiiSV : 1. 0 5mm/^ 
•S^^liCfiieVmax : 1. 2 2mm/^ 

/C^) G : 3. 1 X/mm 

^•>+AG : 1 2% 

•V/G=0. 33 9 (mm'/X-^) 

• A(V/G)= 12% 40 

• D<2 d (D^ff^^iS/cUrc^^. 

• L> (D-d ) /2 CD^ft^^/cUTl^JfelV 
•V/Vmax 8 6%-C^>>5. 

L/c^^?(±Cfj$S^TCfTC>o/c^^C<:Vo= 0. 7 
3mm/^r^)o/co ^;^c. ^ 6icg|±Cf ilg^Ttf /c 

/Co 50 
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•0. 1 1 /imt(±<0COP(D^J^ffia«S : 1. 2 
2<i/cm' 

•0. 1 4 /izmJiU:<OCOP(D^i^Hfa^a : 0. 0 
0 8<l/c m' 

• y\2-J^^-XDW'i^WW.^& : 4 2 2fi/cm' 

• C©JISm;J>^6. V/Gffll3!>«0. 3 0 (mm'/'C- 
^) ?:e^5i©^CC«, COP^(gSt?#/j:C^C<b7&^« 

[0 06 0} <tmm2>m4(D^\±mm^mi.^x. « 

• *£^d : 2 0 8 mm 

• p-hTffiOI^SD: 2 6 5mm 

• u-hrmtmmmmt(ommL : 2 9mm 

•^J^^I±^fiI^V : 0. 3 8mm/^ 
•^?l±tfii^Vmax : 1. 1 Omm/^ 

• @?gWS-ccD^S$ili:^i^o*SSflflJcDajS^iB (MS* 
'CO G : 2. 9°C/mm 

^^:^+AG: 8% 

•V/G=0. 13 1 (mm^/'C-:&) 

• A(V/G)= 8% 

•D<2d (D^^ias/ci/rc^^. 

• L> (D-d) /2 CD^ff^?i/cOrCi/j:C^ 
•V/Vmax 3 5%r^^. 

L/c^^?l±tfiIg^±Cfriio/ci#^^V,= 0. 6 
6mm/^r'^)o/c„ ^/c. $ 6CC?|±tf ii@[5rTCf/c 

c <!: r t c ^ m^^^f)^ o r c ^ ^ „ c cD^ff r ? I _bcf 6 

•0. 1 1 am«±(DCOP(D^i^ffiS^]g : 0. 5 
fi/cm' 

•0. I 4 umWi±<DCOP(D^^mmS&: 0. 0 

0 1 m/ c m* 

• :7^->'^'^^->(D^l^Mla35S : 5 4fi/cm' 

• CCDJSm?^:^^. A(V/G)5^>^ 1 o%JiiT-c^orfc, 
V/Gfii7!?^0. 1 5 (mm'/'C •^) *iS-C^^i#& 

[0 06 1 ] <tmm3>m3com±mm^mi.^x. a- 

•*£SSd : 2 0 8 mm 

' a- hT^(D|^SD : 2 5 5mm 

• n-hT^i^?gaS<*:CDiE^L : 1 7mm 

• ^i^^l±tf iSSV : 1.21 mm/^ 



(li) 
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•SA?l±Cf^e[Vinax : 1. 4 3mm/5}^ 
^C^) G : 4.1 'C/mm 
^-J^/\G\ 17% 

•V/G=0. 29 5 (mm'/'C-^) 

• A(V/G)= 1 7% 

• D<2 d (D^^^mfchXi^^h. 

•L>(D-d)/2 CD^ft^^j®/cbri^3CcC\ 10 
•V/Vmax 8 5%r*-5. 

U/£:SS?l±CfaiS^TCfri^o/c«^CCVo=0. 8 

/Co 

•0. 1 1 /Liml^±(Z)COP<Z)¥J^ffifflS?^ : 0. 3 20 
2<i/c 

•0. 1 4 /um«_hCDCOP(D¥i^ffiSmS : OM/ 
c 

. >'n-yN'^->(D^l^aSS?5S : 8 1 8<l/cm' 

• C(D*SI^;!>:»6. W/G{m^O. 3 0 (mm'/"C • 

^) *?iSr^-^-c*>Acv/G):?(^n o%^mA.^mt^^c 

:7n-^>-^-> (/h$:^j:COP) ^{S?«-C#/cCtr^C * 
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[0 0 6 2 ] 

W±<OJ:^>tc. *:^flSCCj:tit^. y>y 
[SI] V/GfBi. ^H^tc^A5n^,«^.^Pi?Se. Hi 

[02] «e*<^)^sw^acc*5C:f6ajg^iEGcDS:^ 
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